were synthesized and structurally characterized by NMR and FT-IR spectroscopic techniques. The molecular structure of compound 2 was further elucidated by single-crystal X-ray diffraction technique. Moreover, the crystal packing of compound 2 is analyzed in terms of non-covalent N-H···O, C-H···π, and parallel displaced π···π interactions. Hirshfeld surface analysis and decomposed fingerprint plots of the compound 2 were performed to visualize the presence of strong hydrogen bond N-H···O and C-H···π stacking interactions. Hirshfeld surface analysis and decomposed fingerprint plots show that the structure of compound 2 is stabilized by H···H, N-H···O, C-H···π and π···π intermolecular interactions and these interactions contribute mostly to molecular self-assembly in the crystal. In addition, compound 2 was evaluated for both their in-vitro antibacterial and antifungal activity. The obtained results have been reported, explained and compared with fluconazole and ampicillin used as reference drugs.
Introduction
The indole nucleus is a planar bicyclic molecule containing 10-π electrons and it is aromatic compound according to Hückel's rule [1] . Chemically, this heterocyclic ring system is a fusion of six-membered benzene and five-membered pyrrole ring [2, 3] . The indoles are privileged molecules in the chemical literature due to their diverse biological properties and found in a number of natural products and bioactive molecules [4] [5] [6] [7] [8] . Indole derivatives are an important class of therapeutic agents in medicinal chemistry [9, 10] . The various activities associated with them include analgesic [5] antiallergic [11] , antibacterial [9] , antitumor [10] , anti HIV [12] , antioxidant [13] , and antirheumatoid activities [10] . Some of the indole analogues also inhibit development of bladder cancer, cell carcinoma, lung cancer, colon cancer, mammary tumors, prostate cancer, and breast tumor cells [14, 15] . In addition, many substituted indoles are possessing redox active properties, potent scavengers of free radicals and are able to bind many receptors with high affinity [5, 14, 16] . The indole ring is capable of various noncovalent interactions with other molecules by hydrogen bonding through the NH moiety and by π···π stacking, cation···π interactions, etc., through the aromatic moiety [17] . The study of indole inter-and intra-molecular interactions is essential for better understanding of its reactivity and mechanism of interactions in biological systems [18] . The noncovalent and weak interactions with the surrounding groups may also affect the binding properties and redox potential of the metal center in their complexes [19, [20] [21] [22] .
Owing to the importance of biologically, physiologically and pharmaceutically active indole compounds, we focused on the investigation of the molecular structure of indole-based benzamide derivative. In our work, 1H-indole-7-amine (1) and N-(1H-indol-7-yl)-2-methylbenzamide (2) were synthesized and structurally characterized by NMR and FT-IR spectroscopic techniques. The crystal structure and conformational properties of synthesized compound 2 have been also determined via single crystal X-ray diffraction studies. The intermolecular contacts in compound 2 have been performed based on the Hirshfeld surfaces and their associated 2D fingerprint plots.
Experimental

Instrumentation
Carbon, hydrogen and nitrogen analyses were carried out on a Carlo Erba MOD 1106 elemental analyzer.
Scheme 1 Scheme 2
Infrared measurement was recorded in the range 400-4000 cm −1 on a Perkin Elmer Spectrum 100 series FT-IR/FIR/ NIR Spectrometer Frontier, ATR Instrument. The NMR spectra were recorded in DMSO-d6 solvent on Bruker Avance III 400 MHz NaNoBay FT-NMR spectrophotometer using tetramethylsilane as an internal standard.
The X-ray diffraction data were recorded on a Bruker APEX-II CCD diffractometer. A suitable crystal was selected and coated with Paratone oil and mounted onto a Nylon loop on a Bruker APEX-II CCD diffractometer. The crystal was kept at T = 100 K during data collection. The data were collected with MoKα (λ = 0.71073 Å) radiation at a crystal-to-detector distance of 40 mm. Using Olex2 [23] , the structure was solved with the Superflip [24] [25] [26] structure solution program, using the Charge Flipping solution method and refined by full-matrix least-squares techniques on F 2 using ShelXL [27] with refinement of F 2 against all reflections. Hydrogen atoms were constrained by difference maps and were refined isotropically, and all non-hydrogen atoms were refined anisotropically. The molecular structure plots were prepared using PLATON [26] . The anisotropic thermal parameters and structure factors (observed and calculated), full list of bond distances, bond angles and torsional angles are given in supplementary materials. The geometric special details: all e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes.
Synthesis and characterization
The 7-nitroindole is commercially available and purchased from Sigma Aldrich. o-Toluoyl chloride, Pd/C (%5) and triethylamine were purchased from Merck and used as received. All other chemicals and solvents were obtained from commercial suppliers and used without further purification.
Synthesis of 1H-indole-7-amine (1)
1H-Indole-7-amine (1) was prepared according to previously published method [28] . 7-Nitroindole (1.1 g, 6.8 mmol) was dissolved in ethanol (50 mL) and 5% palladium on charcoal was added (0.2 g). The mixture was vigorously stirred under hydrogen atmosphere. The catalyst was filtered off on Celite about 2 hours. The solvent was evaporated, and the solid residue was recrystallized from dichloro-methane:n- 
Synthesis of N-(1H-indol-7-yl)-2-methylbenzamide (2)
1H-Indole-7-amine (0.5 g, 3.8 mmol) was added to a 100 mL two necked round-bottomed flask equipped with a magnetic stirrer. The flask was closed with a septum and purged with nitrogen gas. Afterwards, freshly dried CH3CN (50 mL) and triethylamine (0.580 mL, 4.18 mmol) were added with a syringe. After cooling the reaction mixture to -30 °C, otoluoyl chloride (0.543 mL, 4.18 mmol) was slowly added dropwise. Then, the suspension was allowed to achieve room temperature and stirred overnight. When the reaction was finished, the precipitated product was filtered off, and purified by crystallization from dichloromethane:n-hexane (1:5, v:v 
Hirshfeld surfaces analysis
Analysis of Hirshfeld surfaces and their associated twodimensional fingerprint plots of compound 2 were calculated using Crystal Explorer 3.1 [29] . The Hirshfeld surfaces mapped with different properties dnorm, shape index, di and de. The dnorm is normalized contact distance, defined in terms of de, di and the vdW radii of the atoms. Deformation density is generated from Crystal Explorer3.1, over the electron density iso-surface (the value is 0.008 e/au 3 ) using HF method with 6-31G(d) as basis set.
Antimicrobial activity studies
Antimicrobial susceptibility testing was performed by modification microdilution of the following literature methods [30, 31] . The fungal and bacterial cell inoculums were prepared from the stock culture grown in Tryptic Soy Agar (TSA) at 28 °C for 24 h and Mueller-Hinton Agar (MHA) 37 °C for 24 h, respectively. The microorganism suspension concentrations were adjusted according to McFarland 0.5 turbidity tubes using sterilized saline. Stock solution of title compound was prepared in DMSO at 1000 μg/mL. A modified microdilution test was applied for antimicrobial activity and the experiments were run in duplicates independently.
For antifungal activity testing, 100 μL Tryptic Soy Broth (TSB) was added to each of 11 well. 100 μL of chemical derivative solution was added to the first well and 2-fold dilutions were prepared. Then, 5 μL of fungal suspension was added to each tube except the last one which acted as a control well.
For antibacterial activity testing, 100 μL Mueller-Hinton Broth (MHB) was added to each of 11 well. 100 μL of chemical derivative solution was added to the first tube and 2-fold dilutions were prepared. Then, 5 μL of the bacterial suspension was added to each tube except the last control well. Only 5 μL of fungal and bacterial suspension were added in another to control tube without chemical and used as control for growing. All plates were incubated at 28 °C (for fungi) and at 37 °C (for bacteria) for 24 h. After the incubation, the minimal inhibitory concentrations (MIC) were noted by controlling the growth inhibition for title compound. Fluconazole and ampicillin were used as reference drug. The results were read visually and by measuring optical density for 24 h.
Result and discussion
Spectral characterization
Indole-7-amine (1) was simply obtained by the catalytic reduction (H2, Pd/C 5%) of 7-nitroindole, which is comercially available. The amide-based compound 2 was obtained by reactions of the corresponding o-methyl benzoyl chloride with indolyl-7-amine and characterized by FT-IR, 1 H NMR and 13 C NMR spectroscopic technique. The crystal structure of compound 2 was elucidated by single crystal X-ray diffraction technique. The FT-IR and NMR data confirmed the presence of both compounds.
The compound 1 shows characteristic peaks in FT-IR due to ν(NH2) and ν(N-H) stretching vibration at 3377 and 3306 cm -1 , respectively. In the FT-IR spectrum of the compound 2, disappearance of these two signals and the appearance of new band at 3256 cm -1 , corresponding to the stretching of the amide group, confirmed the formation of the compound 2. Also, the band at 3070-3030 and 1636 cm -1 correspond to stretching of ν(Csp 2 -H) and ν(C=O) groups of compound 2, respectively.
The compound 1 is easily identified by 1 H NMR spectra by the presence of resonances at δ 10.64 ppm for the NH-pyrrole proton and δ 5.01 ppm for -NH2 protons. The resonance values of these signals shifted to downfield (Δδ ∼0.16 ppm for NHpyrrole and Δδ ∼5.03 ppm NH-CO) in the 1 H NMR spectrum of the compound 2. The signals for the aromatic protons in the compound 1 were observed in the range of δ 7.25-6.31 ppm while the aromatic protons signals for the compound 2 were observed in the range of δ 7.58-6.47 ppm. Also, a new singlet peak at δ 2.44 ppm seen in 1 H NMR spectrum of compound 2 corresponds to CH3 group. Meanwhile, the 13 C NMR spectrum of compound 2 shows expected carbon signals. The peaks at δ 161.2 and 18.9 ppm correspond to the carbonyl carbon of the amide group and methyl carbon, respectively.
Crystal structure analysis
A suitable single crystal of compound 2 for X-ray diffraction study was obtained by slow evaporation of a dichloromethane:n-hexane (1:5, v:v) solution. Crystallographic data and refinement parameters are summarized in Table 1 and selected bond parameters are tabulated in Table 2 .
Compound 2 crystallizes in Pca21 space group with one molecule in the asymmetric unit. Figure 1 shows the molecular structure and the atom-labeling scheme of compound 2. The C=O bond length is 1.245(5) Å and this bond length is found in the range of typical double bonds for C=O groups [32] . The C-N bond lengths for the compound 2 are all shorter than the average single C-N bond length of 1.48 Å, being N1-C1 = 1.346(6), N1-C9 = 1.439(6), N2-C15 = 1.376(6) and N2-C16 = 1.373(6) Å, thus showing varying degrees of double bond character in these C-N bonds. Also, the sum of the angles around the indole nitrogen reveals the expected nearly ideal sp 2 -hybridization with 358.8° value. The planar indole ring is almost perpendicular to the phenyl ring attached to the carbonyl group with the dihedral angle of 87.02(4)°.
The crystal packing of compound 2 is stabilized by a combination of intramolecular and intermolecular hydrogen bonds, C-H···π and π···π stacking interactions ( Table 3 ). The intramolecular Csp 3 -H···O 2.66 Å and Csp 2 -H···O 2.61 Å hydrogen bonds cause the formation of a fused two sixmembered ring system S(6) in each crystal structure ( Figure  1b) .
In compound 2, strong intermolecular N-H···O interactions occur. In this interaction, the carbonyl oxygen O1 atom in the molecule acts as an acceptor to the amide and indole nitrogen of the partner molecule (Figure 2) . Thus, strong Namide-H···O and Nindol-H···O hydrogen bonds were observed to connect the molecules in the formation of the supramolecular chain along the crystallographic [010] direction (Figure 2a) .
The supramolecular chain was also supported by Csp 2 -H···πpyrrole and Csp 2 -H···πbenzene stacking interactions along the same crystallographic direction (Figure 2b ). The methyl substituent in o-position of compound 2 leads to intermolecular Csp 3 -H···π stacking interactions and each supramolecular chain is interconnected via these Csp 3 -H···π interactions (Figure 3) . Also, it is interesting to note that both, the Csp 3 -H···π and N-H⋯O intermolecular interactions, lead to infinite one dimension helical chains of compound 2 along the [001] direction (Figure 2d ).
In addition, the crystal structure is further stabilized by intermolecular π···π stacking interactions, leading to zigzag chains along [101] and [001] directions (Figure 4 ). This π···π stacking mode can be defined as a parallel-displaced arrangement. The intermolecular parallel-displaced π···π interactions with dominating π···σ attraction occur between the indole rings in the two neighboring molecules [33] . The parallel-displaced π···π interactions between the pyrrole rings of indole are stronger than the parallel-displaced π···π interactions between the benzene rings and so they contribute to structure stabilization (Table 4 ).
Hirshfeld surfaces analysis
The Hirshfeld surface analysis provides understanding of intermolecular interactions in forming supramolecular structure. The intermolecular interactions in crystal structure of compound 2 have been examined via Hirshfeld surface analysis and fingerprint plots utilizing Crystal Explorer 3.1 [29] . The Hirshfeld surfaces of compound 2 have been mapped over dnorm, shape index, de and di. All the Hirshfeld surfaces are shown as transparent to allow visualization of compound 2, around which they were calculated. The distance from the Hirshfeld surface of molecule to the nearest atoms outside and inside the surface are represented as di and de surfaces, respectively. The normalized contact distance (dnorm) based on both de and di. Red-blue-white color scheme seen in the dnorm surface represent shorter contacts, longer contacts and equal contacts around the Van der Waals separation, respectively.
The 2D fingerprint plots from the Hirshfeld surface analysis illustrated the percentage contributions of intermolecular interactions on the molecules. The contributions to the total Hirshfeld surface of H⋅⋅⋅H, C⋅⋅⋅H, O⋅⋅⋅H and N⋅⋅⋅H interactions, including reciprocal contacts for all compounds, are observed as 52.2, 32.0, 8.9 and 4.2%, respectively ( Figure  5 ). Figure 6 displays the Hirshfeld surface of compound 2 mapped over dnorm in front and back views and dnorm Hirshfeld surface surrounded by one neighboring molecule associated with close contacts of compound 2. (3) 4.399 (7) 33.2 -3.842(2) 2.688(2) 1/2+x, 1-y, z a Cg(1), Cg(2), Cg(3) and Cg (4) The H···O contacts in the Hirshfeld surface mapped over dnorm are visible as dark red spots. These contacts represent strong Namide-H···O and Nindole-H···O hydrogen bonds and are significant contacts which comprise 8.9% of the total surfaces of each molecule in compound 2.
The presence of these strong interactions are also indicated through the orange spots present on the Hirshfeld surface mapped over di function (shown with red arrows, Figure 7a while the reciprocal contacts of these interactions (O···H-Namide and O···H-Nindole) are visible as orange spots on Parallel-displaced π···π stacking the Hirshfeld surface mapped over de function (shown with red arrows, Figure 7b ). The other several red spots seen in the dnorm surface are due to reciprocal C···H interactions. C···H/H···C interactions are mainly responsible for the molecular packing in the supramolecular structure with 32.0% contributions to the Hirshfeld surface and they represent C-H···π interactions. These interactions on the Hirshfeld surface mapped with shape index function are appear as hollow orange areas (π···H-C) and bulging blue areas (C-H···π) ( Figure  8 ). These interactions are also seen on the de and di Hirshfeld surfaces ( Figure 7 ). The strongest of these interactions are indicated through the pale yellow spots present on the de and di Hirshfeld surfaces. The weak ones of these interactions are seen as blue regions.
The electrostatic deformation density map shows the electron density about one molecule of compound 2 ( Figure 9 ). The deformation density represents a difference between the total electron density of a molecule and the electron density of "neutral spherical unperturbed atoms" superimposed on the same molecule. The electrostatic deformation density map reveals the presence of a charge depletion region (in red) at the H1 which is directed toward the charge concentration region (in blue) over O1 atom, facilitating formation of the N-H···O contacts in the crystal. In the crystal packing of compound 2, the interactions between the charge depletion and charge concentration regions in the H···O contact provides the overall stabilization in complex structure.
Antimicrobial activity studies
The in vitro biological activity of the compound 2 was tested towards six types of bacteria and two types of fungal. Table 5 .
The compound 2 inhibited the growth of bacteria strains with MIC values ranging between 62.5-125 μg/mL. The compound 2 exhibited the highest activities against A. baumannii bacterium with MIC values at 62.5 μg/mL. But when the compound 2 compared with ampicillin, which was used as reference drug, it demonstrated lower activity against all the bacteria chains. Similarly, the compound 2 inhibited the growth of fungal strains with MIC values at 31.25 and 62.5 μg/mL but it isn't as effective as fluconazole, which was used as reference drug against all fungal strains. Hence, from all these observations, it was concluded that compound 2 could not be exploited for the design of novel antimicrobial drug.
Conclusion
In this study, the compounds named as 1H-indole-7-amine (1) and N-(1H-indol-7-yl)-2-methylbenzamide (2) were synthesized and structurally characterized by NMR and FT-IR spectroscopic techniques. The molecular structure of compound 2 was also characterized by single-crystal X-ray diffraction technique. According to single crystal X-ray diffraction it was established that the crystal structure of compound 2 is stabilized by intramolecular hydrogen bond of the C-H···O type, formed between the carbonyl oxygen atom and the phenolic ring hydrogen atom or methyl hydrogen atom. In addition, N-H···O, C-H···π and π···π intermolecular interactions play a crucial role for the formation of supramolecular architectures in the structure of compound 2. These intermolecular contacts in compound 2 have been also examined based on the Hirshfeld surfaces and their associated 2D fingerprint plots. Furthermore, compound 2 was evaluated for both, their in-vitro antibacterial and antifungal activity.
